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Rotary piston water meter 

This invention relates to water meters and particularly to 
volumetric or semi-positive water meters. 

Typically, a volumetric water meter comprises an eccentric piston 
oscillating within a chamber which has inlet and outlet ports. The piston is 
in sealing engagement within the chamber and sweeps a known volume as fluid 
passes from the inlet to the outlet port. If the movement of the piston is to 
reflect accurately the flow of fluid through the meter, there must be very 
close engagement between the piston and the internal wall of the chamber. 
This can cause difficulty in circumstances where the fluid carries solid 
particles. It is not unusual, for example, for water supplies to carry 
occasional particles of grit. These particles will. If trapped between the 
piston and the internaJ chamber wall, increase friction and may cause 
abnormal wear. There is under these circumstances a real risk that the 
accuracy of the meter will fall below a tolerable level. 

It is an object of this invention to provide an improved volumetric 
water meter which can accommodate a reasonable level of particulate matter 
without undue loss of accuracy. 

Accordingly, the present invention consists in a water meter 
comprising a cylindrical chamber having a fluid inlet port and a fluid outlet 
port and a piston eccentrically disposed within the chamber and having a 
cylindrical piston wall in sealing engagement with the cylindrical wall of 
the chamber such that generally cicumferential movement of the piston 
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refative to the chamber sweeps a fixed volume of water passing from the inlet 
to the outlet port, characterised in that one of the said cylindrical piston 
wall and the said cylindrical chamber wall is provided with a plurality of 
recesses spaced circiimferentially, each recess opening to the chamber so as 
to provide a pathway for particulate matter carried by the water, without 
significant impairment of said sealing engagement. 

Advantageously, flush channel means communicate between said 
pathway and the fluid outlet port. 

Preferably, said recesses comprise axially directed grooves. 

Suitably, said grooves ?re formed in a radially outwardly directed 
surface of the piston. 

According to a preferred feature of the present invention, there is 
provided in the interior wall of the chamber, an axially extending slot which 
communicates with said recesses downstream of said sealing engagement and 
which connects with the outlet port to facilitate flushing of particulate 
matter. 
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The most important application of meters according to the present 
invention is the metering of portable water supplies. 

It will be understood that, at a simplistic level, one way of 
preventing solid particles from becoming trapped between the oscillating 
piston and the interior chamber wall, is to increase the size of the gap 
between the piston and the wall. This would of course create a leakage path 
between the inlet and outlet ports and such an arrangement is not 
practicable. By providing a series of recesses in either the piston wall or 
the wall of the chamber with which the piston is in sealing engagement, the 
present invention may be regarded as providing a "virtual" increase in the 
size of the gap. Because the contact area between the piston and the chamber 
wall is substantially reduced, preferably by at least 50% and ideally around 
70%, the probability of particles becoming trapped is proportionately 
reduced. Each recess as it passes from the upstream to the downstream side of 
the line of seal represents a pathway for solid particles, the gap being 
increased at these points only. 

Most surprisingly, the provision of recesses is found not to impair 
- to any* significant extent - the sealing engagement between the piston and 
the chamber wall. It is believed that the maintenance of an effective seal 
despite the presence of the recesses arises in the following manner. As each 
recess passes from the upstream to the downstream side of the line of seal, 



WO 93/22631 



*4- 



PCT/GB93/00891 



there is a sequential contraction and expansion. The consequential 
dissipation of kinetic energy results in a reduction of the pressure drop 
across the seal. With the lower pressure drop, there is a reduction in 
leakage past the seal. It is observed that this phenomenon causes no loss of 
torque and does not reduce the ability of the piston to drive a register. It 
is also observed that as the flow rate increases, the entrapment of water in 
the grooves cushions the piston against the chamber wall thus reducing 
friction and providing lower wear. 

The recesses may take the form of axialfy extending grooves in the 
cylindrical outer surface of the piston. These grooves will preferably 
extend over the entire or substantially the entire axial length of the piston 
and will be provided around the entire periphery of the piston. 
Alternatively, grooves may be formed in that part of the chamber wall which 
is in sealing engagement with the piston. 

In a typical arrangement, a volumetric water meter has a piston 
sweeping an annular space betweena cylindrical wall and a cylindrical chamber 
hub. There will usually be engagement both between the outer surface of the 
piston and the cylindrical chamber walk as well as between an inner piston 
surface and the cylindrical chamber hub. A design choice is made as to which 
of these engagements serves as the metering seal. In such an arrangement, a 
further alternative within the present invention provides recesses in either 
the cylindrical piston wall or the cylindrical chamber hub. 
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The present invention will now be described by way of example with 
reference to the accompanying drawings, in which :- 

Figure 1 is an exploded view of a known volumetric water meter; 

Figures 2a) to 2d) are a series of diagrams illustrating the manner 
of operation of the water meter shown in Figure 1 ; 

Figure 3 is a plan view of a piston forming part of a water meter 
according to one embodiment of the present invention; 

Figure 4 is a portion of Figure 3 shown to an enlarged scale; 

Figure 5 is a front view of the piston shown in Figures 3 and 4; 

Figure 6 is a view similar to Figure 3, illustrating the operation; 

Figure 7 is a cross-sectional view through a water meter 
incorporating the piston of Figure 3; 

Figure 8 is a section on line A-A of Figure 7; 

Figure 9 is a perspective view illustrating a modification; 
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Figure 10 is a view similar to Figure 7 of a meter according to a 
further embodiment of the present invention; and . 

Figure 11 is a view in the direction B of Figure 10. 

Referring inftralfy to Figure 1, there is shown by way of 
background a water meter which is presently commercially available from Kent 
Meters Limited. Detailed description is not felt to be necessary but it will 
be seen that the arrangement generally consists of a fower housing 10; a 
chamber 12; a piston 14; a shutter 16; a top plate 18; a register 20 and an 
upper housing 22. 

Turning to Figure 2, and first to Figure 2a), a half-crescent 
shaped inlet port 24 is provided fn the base of the chamber 12 and is open to 
the interior of the piston 14. In-flowing water causes the piston to start 
its semi-rotary oscillatory movement, sliding on the dividing shutter 16. 
Simultaneously, exhaust water in the remaining part of the piston is being 
expelled through the half crescent-shaped outlet port 26 in the top 
plate 18. 

In the position shown in Figure 2b), the piston has moved around a 
quarter of its path and the in-flowing water continues filling the interior 
of the piston 14 and commences filling the region between the shutter 1 6 and 
the upstream side of the sealing line between the piston 14 and the 
chamber 12. Water downstream of the sealing line begins to be expelled 
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through the outlet port 26, 

Figure 2c) shows the halfway position in which the interior of the 
piston 14 is cut off from both ports. 

In the three-quarter position shown in Figure 2d), the interior of 
the piston is opening to the inlet port 24 for the beginning of another 
cycle. 

It will be particularly evident from Figure 2 how grit, or any 
other solid particulate matter carried in the flowing water, is likely to 
become trapped in the sweeping movement between the piston 14 and the 
chamber 12. This will increase friction and may lead to abnormal wear of the 
engaging surfaces. The manner in which this problem is dealt with by the 
present invention will now be described. 

Turning to Figure 3, there is shown a piston 12 having a 
cylindrical piston wall 30; an integral, perforate bottom plate 32; and a 
register-driving boss 34. The piston wall 30 has an aperture 36 shaped to 
receive the shutter 16 in a combined sliding and rocking motion. The plate 32 
has a cut-away 38 for the same purpose. 

Around substantially the entire outer periphery of the piston wall 
30, there are provided grooves 40. The cross-sectional shape of these grooves 
is seen most easily in the increased scale of Figure 4. The grooves are 
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parallel to the cylindrical axis and, apart from the region about the 
aperture 36 r are equally spaced. As is apparent from Figure 5 r the grooves 40 
extend over the major portion of the axial length of the piston 1 2, leaving a 
land 42 which ensures that there is no direct leakage path from the inlet to 
the outlet port. . 

Referring to Figure 6, it can be understood how the grooves 40 meet 
the object of this invention. It will first be noted that there is a 
substantial reduction in the contact area between the piston 14 and the 
chamber 12, with a corresponding reduction in the probability of particles 
becoming trapped. Particles falling within the grooves 40 will be transported 
without difficulty across the line of sealing engagement. Moreover, the shape 
of the grooves, together wfth the oscilfatory motion of the piston, will 
create local transverse turbulences (as indicated at 50 in Figure 6), tending 
to maintain the particles in suspension. 

It is observed that the presence of the grooves 40 does not prevent 
a satisfactory seal being maintained between the piston 14 and the 
chamber 14. The multiple groove structure along the piston circumference 
creates a series of compression and expansion effects which dissipate kinetic 
energy in the above-mentioned transverse turbulences. This reduces the 
pressure drop between the inlet and the outlet and thus reduces leakage. This 
is achieved without a loss of torque and without reducing the ability of the 
piston to drive even a high drag register. 



WO 93/22631 



-9- 



PCT/GB93/00891 



Looking at Figures 7 and 8 # it is seen that a relief slot 60 is 
provided around the point at which the shutter 16 enters the wall of the 
chamber 12. In a preferred feature of this invention, the relief slot 60 - 
at the downstream side - is extended to communicate with the outlet port 26. 
Whilst this is shown for clarity with a full line in Figure 7, it is provided 
in the bottom of the chamber. Inlet port 24 is provided in the top of the 
chamber. This enables all water to be freely exhausted from the downstream 
side of the chamber grooves 40, avoiding an accumulation of grit inside the 
chamber. 

The described water meter has the following advantageous 
features:- 

i) any solid matter is likely to remain in suspension, 
by virtue of the described turbulence. 

it) there is a "virtual" increase in the gap between the 
piston and the chamber, without opening a leakage 
path; 

iii) the water in the increased gap is kept steadily 
moving; 

iv) a throughway is created for particles to be flushed 
out through the outlet port, and 
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v] entrapped water has a cushioning effect reducing 
friction and lowering wear. 

It should be understood that this invention has been described by 
way of example only and a wide variety of modifications are possible without 
departing from the scope of the invention. The number, shape and position of 
the grooves or other recesses in the piston will be chosen to suit the 
geometry of any particular meter. The described grooves in the piston may be 
replaced with grooves or other recesses in that part of the chamber wall 
which is in sealing engagement with the piston. This alternative is 
illustrated in Figure 9 which shows a chamber 120 having a chamber wall 121 
provided with circumferentiaily spaced, axially directed grooves T22. The 
manner in which these grooves 122 provide a pathway for suspended particulate 
matter is analogous to the described behaviour of a grooved piston. If, as a 
design choice, the necessary metering seal is formed not with the outer 
chamber wall but with the inner chamber hub 124, then grooves may be formed 
in that hub as shown at 126. Usually, grooves wilf be formed only at that 
interface which provides the metering seal; the running gap at the other 
interface will be increased to the extent that no problem arises with 
particulate matter. * 

The further alternative exists, of course, of providing grooves or 
other recesses in the piston wait which runs on the hub 124, rather than on 
the hub itself . 
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The inlet and outlet ports need not necessarily lie at opposite 
axial ends of the chamber and an arrangement of recesses significantly 
different from that described may be required to provide the desired passage 
of solid matter across the seal. The inlet and outlet ports may, for 
example, be spaced circumferentially of the chamber. Such an arrangement is 
shown in Figures 10 and 11. Here, the chamber 212 is provided with a radially 
directed outlet port 226 and a circumferentially offset inlet port which is 
not seen In the drawing. The piston 214 is provided with grooves 240 in the 
outer periphery of the piston wall 230. The operation of the piston 214, 
together with the shutter 216, is analagous with the arrangement described 
above. For manufacturing convenience, grooves 242 are provided also in the 
inner surface of the piston wall 230. 

A flushing well 250 is provided in the chamber 212 to collect 
particulate matter transported around the swept volume in the piston 
recesses. As shown in Figure 1 1 this flushing well 250 communicates with the 
outlet port 226. 
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J. A water meter comprising a cylindrical chamber having a fluid inlet port 
and a fluid outlet port and a piston eccentrically disposed within the 
chamber and having a cylindrical piston wall in sealing engagement with the . 
cylindrical wall of the chamber such that generally cicumferential movement 
of the piston relative to the chamber sweeps a fixed volume of water passing 
from the inlet to the outlet port, characterised in that one of the said 
cylindrical piston wall and the said cylindrical chamber wall is provided 
with a plurality of recesses spaced circumferentialiy, each recess opening to 
the chamber so as to provide a pathway for particulate matter carried by the 
water, without significant impairment of said sealing engagement. 

2. A meter according to Claim 1, wherein flush channel means communicate 
between said pathway and the fluid outlet port. 

3. A meter according to Claim 2, wherein said channel means comprise a flush 
channel extending axially of the chamber. 

4. A meter according to Claim 2, wherein said chanel means comprise a flush 
well extending radially of the chamber. 

5. A meter according to Claim T, wherein said recesses comprise axially 
directed grooves. 

6. A meter according to Claim 5, wherein said grooves are formed in a 
radially outwardly directed surface of the piston. 
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7. A meter according to Claim 5, wherein said grooves are formed in a 
radially inwardly directed surface of the chamber. 

8. A meter according to any one of the preceding claims, wherein the 
recesses extend over at least fifty percent of the corresponding surface in 
said sealing engagement. 

9. A meter according to Claim 8, wherein the recesses extend over about 
seventy percent of said surface. 

10. A portable water meter in accordance with any one of the preceding 
claims. 
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